Piper jacquemontianum Kunth (Piperaceae) is a native species from Central America and the Caribbean lowlands. It is traditionally used as a medicine and condiment in several ethnic groups from the region. Essential oils of dry leaves were obtained from eight ecologically different sites of Guatemala, which were cultivated under similar conditions in the Pacific basin. The essential oil yields obtained by hydrodistillation varied with the site of collection (0.3-1.7%). The essential oil composition was determined by gas chromatography; E-nerolidol was the only compound common to all provenances, although in a wide range (5.7-73.8%), being the main component of four of them. In the oils from other provenances, the main components were linalool, terpinen-4-ol, spathulenol, and α-bisabolol. This is the first report on the variation of the essential oil composition of this species of different provenance cultivated under similar conditions, suggesting high variability in its composition, and demonstrating at least five groups of P. jacquemontianum according to the composition of its essential oil. In further agrotechnological research, selection of the most promising samples could generate unique cultivars which might produce the expected compound.
Biological activity has been reported for diverse extracts of the leaves, particularly cytotoxic (H-460, MCF-7, SF-268 cancer cell lines and HeLa and CHO normal cell lines) [7, 8] , antifungal (Trichophyton rubrum, T. mentagrophytes, and Epidermophyton floccosum) [8] , antiprotozoal (Leishmania braziliensis and Trypanozoma cruzi) [9] , and antioxidant (DPPH IC 50 0.11 ± 0.01 mg/mL; TPC 27.4 ± 1.91 μg of gallic acid/mL; ABTS IC 50 0.11 ± 0.03 mg/mL) [10] . The first description of the essential oil composition of Guatemalan samples of P. jacquemontianum demonstrated a high content of linalool (69.4%), E-nerolidol (8.0%) and α-and -pinenes (3.2, 2.4% respectively) in leaves collected in Lachua [8, 11] . In a second study with material from Samayac, the main components were linalool (70.9%), E-nerolidol (4.8%), E--ocimene (4.6%), and α-and -pinenes (3.4, 3.8% respectively) [12] .
The aim of this study was to study the composition of essential oil samples from leaves of P. jacquemontianum from eight provenances in Guatemala (Table 1) to establish if linalool is the main compound in the oils from all the regions or whether there is variability between the provenances. Eight accessions of P. jacquemontianum from different provenances were cultivated under the same conditions. Leaves were collected from each and processed on the same day; essential oil content varied in the range of 0.3-1.8% (Table 1) . Previous analysis demonstrated yields of 0.2-0.8% [8, 13] . Essential oil analysis demonstrated from 13 (PJ2) to 38 (PJ7) identifiable peaks. As seen in Table 2 , only E-nerolidol was present in all eight accessions, from 73.8% (PJ3) to 5.9% (PJ2); α-and -pinene were present in seven accessions (0.1-7.5% and 0.2-10.9%, respectively), as well as -caryophyllene (0.2-12.5%); germacrene D (0.1-3.6%) was present in six accessions; and linalool (3.4-34.0%) in five. According to the major component found in each essential oil, five chemotaxonomic groups can be established.
In the first group, with four (PJ1, PJ3, PJ5, PJ7) accessions, it was E-nerolidol, and, in the other four, the main components were linalool (PJ4, 34.0%), terpinen-4-ol (PJ2, 24.2%), spathulenol (PJ6, 40.0%), and α-bisabolol (PJ8, 50.2%). 
Nerolidol is a sesquiterpene alcohol present in the essential oil of various plant organs (leaves, bulbs, seeds and wood) with a floral odor, and two isomers, trans and cis. It is used in cosmetics, and by the cleaning and food flavoring industries, and has been suggested as a promising chemical or drug candidate in agriculture and medicine. Particular demonstrated properties include antiulcer, anticancer, antioxidant, antinociceptive, antimicrobial, anti-biofilm, anti-inflammatory, insecticidal, repellent and other activities. It has been reported in plants from the Amaranthaceae, Amaryllidaceae, Asteraceae, Piperaceae, Theaceae, and Verbenaceae families. Acute toxicity is low (LD 50 >2,000 mg/kg in rabbits and >5,000 mg/kg in rats) [14] .
The largest amount of E-nerolidol in the Piperaceae has been reported for Piper claussenianum (Miq.) C. DC., which was reported to have a very high content (81-84%) in the leaf essential oil and a high content in that of the inflorescences (50-54%). This compound has been reported to have an important activity in the modulation of Candida albicans biofilms, as well as antileishmanial activity [15] . P. aduncum L. essential oil, with an E-nerolidol content of 72-82%, also showed anti-Leishmania braziliensis activity [16] . E-nerolidol is a major component of P. amalago L.; it was present in large amount in the leaf oil from Guatemala (48.7%), in medium amount in the leaf oil from Argentina (8.0%), but was not found in any organ in plants from Dourados, Brazil [12, 17] . P. gaudichaudianum Kunth essential oil, containing 22.4% E-nerolidol, showed cytotoxic activity [18] . The E-nerolidol content of the essential oil of P. hispidum Sw. from Colombia was 23.6% and from Guatemala 6.8% [12] . The compound was present in only small amount in essential oil samples from Colombia [19a] and Panama (4.6%) [13] , and was not found in samples from Cuba [19b] . The majority of Piper species have demonstrated this metabolite in lesser quantities [20] .
The other component present in five of the samples is linalool. This is an acidic monoterpene tertiary alcohol that is very important in the floral scent of aromatic plants. It occurs as two enantiomers that have different fragrance profiles, and is found in the essential oils of over 200 plants, particularly in the Lamiaceae, Lauraceae and Rutaceae. The main application of linalool is in the perfume and fragrance industry, although it is dominated by synthetic linalool. It is a well-studied molecule using both in vitro and in vivo models, particularly demonstrating sedative, anti-inflammatory, anxiolytic, anti-depressant, anticonvulsant, analgesic, antimicrobial, and antioxidant activities. Toxicity data demonstrated that it is safe, and it is considered as a valuable fragrant compound with significant therapeutic potential [21] .
Some Piper species have linalool as their main essential oil component, mainly leaves and inflorescences of P. jacquemontianum from Guatemala, from Alta Verapaz (69.4%), and Suchitepéquez (70.9%) [8, 11, 12] . A high content was demonstrated in the seeds of P. claussenianum (50-54%), and a low content in the leaves (2-5%); this was associated with anti-C. albicans activity [15] . The linalool content of the essential oil of P. aduncum fruits was 41.2%, of leaves 31.7% and of stems 11.8%; there was some association between linalool content and antifungal activity [22] . In P. divaricatum G. Mey., the linalool content was high in the essential oils of the leaves (23.4-29.7%), but low in those of the fruits (3.3-8.3%) [23] . Samples of P. jacquemontianum from Panama demonstrated an intermediate concentration (14.5%) [13] . Many Piper species contain linalool in lesser quantities [20] .
Other constituents of the essential oils from the diverse provenances of P. jacquemontianum that have been the main component include terpinen-4-ol, α-bisabolol, and spathulenol. Terpinen-4-ol, an isomer of terpineol, is the main constituent of Melaleuca alternifolia (Maiden & Betche) Cheel, which contains a promising essential oil for it safe antimicrobial activity, as well as anesthetic and antioxidant effects [24] . α-Bisabolol is a monocyclic sesquiterpene alcohol isolated from Matricaria chamomilla L. and other Asteraceae, widely used in cosmetic formulations, with important biological activities such as anti-inflammatory, anti-irritant, antibacterial, analgesic, and non-allergenic properties [25] . Spathulenol is a tricyclic sesquiterpene alcohol with an earthy-aromatic odor and bitter-spicy taste; it has been isolated from some species of Salvia. This compound is less common in nature, having few industrial applications; its main activity is its immunomodulatory effect [26] .
It is concluded from this research that there is a high variability of chemical compounds in the essential oil of P. jacquemontianum depending on its provenance in Guatemala. There are some promising strains that could be developed from an agronomical point of view and might be a source of E-nerolidol, linalool or α-bisabolol, which are important molecules for the cosmetic, perfume, aromatic, medicinal and food industries.
Experimental
Plant material: Stems and seeds of 8 accessions of P. jacquemontianum were collected from different sites in Guatemala, where they were growing spontaneously (Table 1) . After several agronomical experiments, all species were propagated in a common place in finca Sábana Grande, El Rodeo, Escuintla (14°22'03" N; 90°49'48" W, altitude 770 m). According to Holdridge, it is located in the life zone very humid, sub-tropical, warm forest, precipitation 2,000-2,585 mm/year, average temperature 23°C, relative humidity 66-90%. Samples were collected 3 years after planting, on the same day, and shade dried for 4-5 days in a solar dryer (<10% water content).
Analysis of essential oils:
Essential oils were obtained from leaves and inflorescences by hydrodistillation for 3 h in a Clevenger-type apparatus [27] . The yield of oil was calculated on the basis of dry weight of plant material. Oil samples were analyzed on a Shimadzu Gas Chromatograph (GC-17A) with injector. Quantification was achieved by electron integration by normalization technique. For separation of constituents, an apolar Durabond-DB5 column (30 m x 0.25 mm of I.D.) was used with polydimethylphenyl siloxane containing 5% phenyl groups in a 0.25 μm thick film (John Wiley & Sons Scientific, USA); a polar column (LM-120; L&M, San Carlos, SP, Brazil), filled with propylene glycol; and a flame ionization detector (FID). Conditions of the equipment included: temperature program 60-300°C, 3°C/min; analysis time 80 min; injector temperature 220°C; FID/EM interface: 250°C; amount of sample injected: 1 μL diluted in diethyl ether (2%) with 1:50 split ratio.
